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Attorney Docket No. 088.000426US 
U. S, Patent Application No. 09/720,549 
Date: July 12, 2004 

Remarks 

Objections to Claims 

The Examiner has objected to Claim 31 because the term "SELF" is not spelled out in 
full at the first occurrence of that term. Applicant has amended Claim 61 to include the full term 
in the claim. Applicant thanks the Examiner for noting this error and respectfiilly requests 
removal of the objection. 

Objection to Abstract 

The Examiner objected to the Abstract as containing the legal term "means". Applicant 
thanks the Examiner for noting this error and has amended to remove the term "means". 
Applicant respectfully requests reconsideration and removal of these objections. 

The S 1 12, First Paragraph Rejection of Claims 61-68, 70, 72. 74. and 76 

The Examiner has rejected Claims 61-68, 70, 72, 74, and 76 under 35 U.S.C. § 1 12, first 
paragraph as failing to comply with the enablement requirement. The Examiner states that the 
claims contain subject matter that v^as not described in the specification in such a way as to 
enable one skilled in the art to which it pertains, or with which it is most nearly connected, to 
make and/or use the invention. Applicant has cancelled Claim 68 and incorporated the 
limitations of Claim 68 into amended independent Claim 61 to claim the modification of the p53 
gene using SELF non-thermal fields. Applicant respectfully traverses the rejection of amended 
independent Claim 61 and requests reconsideration. 

The Examiner states that the breadth of the claims is too large. Applicant has amended 
Claim 61 to claim the modification of the p53 gene using the claimed process. Applicant 
respectfully submits that the instant specification contains enough information to enable one 
skilled in the art to practice the invention as claimed in amended Claim 61. As the Examiner 
notes on page 4 of the Office Action, the Applicant has demonstrated that Static and Extremely 
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Low Frequency (SELF) magnetic fields cause decreased gene expression in exposed mice 
tumors. 

Further, Applicant respectfully traverses the Examiner's assertion that the prior art did 
not contain methods of how to use SELF non-thermal fields to modify genes before the effective 
filing date of the instant application. Applicant has included in Appendix I copies of two papers 
describing methods of modifying the expression of genes by SELF magnetic fields, Goodman, 
et al. describes the enhancement of the expression of RNA polymerase in E, coli following 
exposure to 72 Hz sinusoidal fields in the range of 0.07 to 1.1 mT for periods ranging fi-om 5 
minutes to 1 hour.^ Similarly, in eukaryotic cells Lin, et al. found an increase in transcription 
levels for c-myc promoter gene after exposure to a 60 Hz sinusoidal field.^ In Lin, et al., the field 
was measured at 8-80 p.T (0.8-8mT). The magnetic fields described in Goodman and Lin are 
both well within the range of the magnetic fields claimed in amended Claim 61 of 1-30 mT as 
well as the frequency of 50 Hz when using AC current and an exposure time of 1-40 minutes. 
Applicant respectfiilly submits that the disclosures in these two papers, both published before the 
filing date of the current application, demonstrate that it was known before the filing date of the 
current application that SELF magnetic fields have a modifying effect on both prokaryotic and 
eukaryotic gene expression as measured by both increased production of RNA polymerase and 
transcript levels of c-myc promoter gene. 

The Examiner states that, apart from the examples showing the SELF fields have an 
inhibitory effect on tumor growth, the instant specification fails to provide sufficient guidance 
for a skilled artisan as to how to use SELF methods on any gene modification. Applicant 
respectfully traverses this statement and submits that the specification provides sufficient 
information for a skilled artisan to use the claimed invention. Applicant notes that Claim 61 has 
been amended to claim modification of the p53 gene using SELF non-thermal fields and that all 
other claims currently under consideration depend from amended Claim 61. Further, Applicant 

^ Goodman, Eugene M., Ben Greenebaum, and Michael T. Marron, "Altered Protein Synthesis in a cell-Free System 
Exposed to a Sinusoidal Magnetic Field", Biochimica et Biophysica Acta, 1202, 107-122 (1993). 

^ Lin, Hana, Reba Goodman, and Ann Shirley-Henderson, "Specific Region of the c-myc Promoter is Responsive to 
Electric and Magnetic Fields,/. Cellular Biochemistry, 54:281-288 (1994). 
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respectfully submits that the operational parameters disclosed in the instant specification are 
similar to the operational parameters disclosed in both the Goodman and Lin papers discussed 
above. For example the test on confluent WiDr monolayers utilized DC and AC currents up to 
100 Hz with exposure of 20 minutes. Field Intensity ranged from 0.5 to 30 mT. (See page 13, 
line 4 to page 14, line 2 of the specification to include Table I. These parameters are similar to 
the parameters described in Lin with a frequency of 60 Hz and a field intensity of 8-80 \iT (0.8- 
8mT) with an exposure time of 5-60 minutes. Applicant notes that these parameters are also 
similar to those used by Goodman, et al. in modifying prokaryotic gene output as described 
above. Applicant respectfully submits that this similarity in operational parameters demonstrates 
the predictive effect of the claimed SELF process thereby enabling one skilled in the art to 
practice the claimed invention. Although claims must be sufficiently enabled so as not to require 
undue experimentation to practice the claimed invention, it is recognized that some 
experimentation within disclosed operational parameters by a skilled artisan may sometimes be 
needed to practice a claimed invention previously unknown to that skilled artisan. 

Applicant also respectfully traverses the Examiner's statement that there is an absence of 
working examples showing how to use SELF methods of biotechnological gene modification 
within the range of 1 to lOOmT. First, Applicant has amended Claim 61 to claim modification of 
the p53 gene, not biotechnological genes. Applicant has provided working examples 
demonstrating the effect of described SELF processes on three different cell lines. Applicant 
courteously notes that the Lin and Goodman papers discussed above disclose methods similar to 
those described in the instant specification for the working examples. Applicant respectfully 
submits that even if the prior art were not predictive, which it is, the described similarity of field 
intensity in the SELF fields in Lin and Goodman with the in vitro working examples in the 
specification provide sufficient enablement to allow a skilled artisan to use the claimed invention 
with only the normal experimentation always needed by a skilled artisan to practice a new 
method or technique. 

As seen fi^om the discussion, Applicant respectfully asserts the specification provides 
sufficient enablement under § 112, first paragraph to allow a person skilled in the art to practice 
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the claimed invention. Sufficient working examples are provided that give the operating 
parameters of field intensity and fi-equency to allow a skilled artisan to practice the invention 
claimed in amended Claim 61. Furthermore, Applicant has provided two papers establishing the 
predictability of the art prior to the filing of the instant application. Finally, Claim 61 has been 
amended to acclaim only the modification of the p53 gene, processes for which are described in 
the instant application. Applicant respectfully requests reconsideration. 

Claims 62-67, 70, 72, 74, and 76 depend fi*om amended Claim 61 and thus incorporate all 
the elements of that claim. Because, as discussed above, it can be seen that Claim 61 is enabled 
under § 112, first paragraph, it follows that claims depending fi-om Claim 61 are also sufficiently 
enabled under § 112, first paragraph. Consequently, Applicant respectfiilly requests removal of 
the rejection of 62-67, 70, 72, 74, and 76 and passage to allowance of those claims. 

The S 1 12, Second Paragraph Rejection of Claims 61-67. 70. 72. 74, and 76 

Claim 61 has been amended to claim a method of using SELF non-thermal fields for 
modification of a p53 gene. Applicant has amended Claim 61 to eliminate the term 
"biotechnological" thereby rendering the rejection of Claim 61 under § 112, second paragraph 
moot. Applicant respectfully requests reconsideration. 

Claims 62-67, 70, 72, 74, and 76 depend from amended Claim 61 and thus incorporate all 
the elements of that amended claim. Because the term "biotechnological" is no longer an 
element in Claims 62-67, 70, 72, 74, and 76, the rejection of those claims under § 112, second 
paragraph is also rendered moot. Applicant respectfully requests reconsideration. 

The S 102 (b) Reiections of Claims 61. 63. and 67 

The Examiner has rejected Claims 61, 63, and 67 as unpatentable under 35 U.S.C. § 102 
(b) anticipated by United States Patent No. 5,752,911 to Canedo, et. al ("the 911 patent"). 
Applicant as amended independent Claim 61 and respectfully traverses this rejection. 

Applicant courteously notes that independent Claim 61 has been amended to claim a new 
method of using SELF non-thermal fields for modification of a specific gene, namely a p53 gene 
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at a field intensity of between 1 and lOOmT. The '911 patent is directed only to methods of 
using SELF fields to treat patents suffering fi-om epilepsy and fails to disclose the use of SELF 
fields on any sort of gene at all, let alone the specific p53 gene. Moreover, the '911 patent 
further limits the use of SELF fields on patents who suffer epileptic seizures while under 
medication. (See col. 4, lines 43-46 of the '91 1 patent.) Consequently, there is no disclosure of 
the effect of SELF fields on normal or control persons and consequently no disclosure of the 
effect of SELF fields on normal p53 genes. In contrast. Table 2 (page 15) of the instant 
specification and the accompanying text (pages 15, line 4 through page 16, line 2 of the 
specification) disclose the differences in the effect of SELF fields on the p53 gene of malignant 
cells versus the effect of the same fields on the p53 gene of normal cells. 

In summary, with the instant application. Applicant has disclosed and claimed in 
amended Claim 61 a new method of use of SELF non-thermal fields not disclosed in the '91 1 
patent. For this reason, Applicant respectfully requests withdrawal of the rejection of amended 
independent Claim 61 under § 102 (b) and passage to allowance of that claim. 

Claims 63 and 67 depend from Claim 61 and thus incorporate all the element of that 
claim. Therefore, because the method of using SELF non-thermal fields to modify a p53 gene 
claimed in amended Claim 61 is not anticipated by the '911 patent, dependent Claims 63 and 65 
are also not anticipated by the '911 patent. Applicant respectfully requests reconsideration ad 
passage to allowance of Claims 63 and 65. 
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Conclusion 

Applicant respectfully submits that the present application is now in condition for 
allowance, which action is courteously requested. The Examiner is invited and encouraged to 
contact the undersigned attorney of record if such contact will facilitate an efficient examination 
and allowance of the application. 



Respectfully submitted, 



C- 




C. Richard Lohrman 
Registration No. 46,878 
ATTORNEY FOR APPLICANT 
Simpson & Simpson PLLC 
Customer No. 24041 
5555 Main Street 
Williamsville, NY 14221 
Phone: (716)626-1564 
Fax: (716)626-0366 



Dated: July 12, 2004 
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Abstract The level of c-myc transcripts is Increased in cells exposed to extremely low freque}icy 
netic (EM) fields at 60 Hz. The aim of the present experiments was to determine if regulatory 
c-myc gene modulate the response to EM fields. ONA upstream of PI of both mouse and Y 
transfeded into cells as CAT constructs. The presence of DNA 5' to the human or mouse myc genefe 
^:S;?^^following20minexpos«r.%crfcellsto60HzeifEM^^^^^^^^^^^ 
ONA were deleted and introduced into cells. The region responsive to EM fields .s located between 
relative to the Pi promoter. © 1994 wiiey-uss, inc. 

Keywords: c-myc promoter, CAT expression, low frequency electric and EM fields, transcription 



reg ons 
humkn 



(elf) electromag- 
upstream of the 
c-myc genes was 
results in increased 
human upstream 
-353 and -1,257 



The possibility of health risks resulting from 
exposure to electric and magnetic (EM) fields 
provides a strong motivation to determine how 
such fields interact with ceDs. Initially, an impor- 
tant clue to understanding how cells respond to 
EM fields was the finding that transient in- 
creases in specific transcripts occur in cells ex- 
posed to extremely low frequency [(elf) (>300 
Hz)] EM fields. This response has been observed 
in a variety of cell types including dipteran sali- 
vary ^and cells [Goodman et al., 1983, 1992a,b, 
in press], yeast cells [Weisbrot et al., 1993a], 
and human cells [Goodman and Henderson, 
1991; Goodman et al.. I992c,d; Czerska et al., 
1992; Phillips et al.. 1992; liburdy et al., 1992]. 
The effect of EM fields is probably directly at the 
transcriptional level [Goodman et ai,, 1983; Phil- 
lips et aL, 1992]. The initial evidence came from 
analysis of transcription autoradiograms of dip- 
teran salivary gland cells. The presence of in- 
creased grain density over specific chromosome 
regions indicated a direct influence of low fre- 
quency EM fields on transcription per ae rather 



Abbreviatioiw:^ CAT, chloramphenicol transferase; elf, ex- 
tremely low frequency* EM, eleetric and magnetic; Hz, Hertz. 
Received September 8. X993; accepted October 25, 1993. 
Address reprint requests to R. G<K)dman, Columbia Univer- 
sity Health Sciences, Department of Pathology, 630 W. 
lesth Street; New Yoric, NY 10032- 

<&1994V^Iey-li5s, Inc. 
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Transcript levels for c-myc 
variety of cell types exposed 
dal EM field, and under 
conditions. Increased c-myc 
been measured following shoi[t 
mocytes stimulated with 
[Liburdy et al-, 1992], The 
levels is coordinate with an 
lular calcium, which impliej 
EM fields with the cell 
in transcripts following a 60 
sure is rapid, within 4-8 
1992c]. Taken together, 
suggest that regulatory pathways 
in the response of the cell 
fields. 
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CAT after exposure of cells to 60 Hz; EM fields. 
Further experiments showed that the upstream 
regulatory region responsive to EM fields in 
human cells is approximately 900 base pair (bp) 
and located between the restriction sites Clal 
andPvuU. 

MATERSALS AND METHODS' 
Cell Culture and Transfections 

HeLa cells are maintained in D-MEM (Gibco), 
10% fetal calf serum (FCS). Mouse myeloma 
(PX3) cells are grown in IMDM (Gibco). All 
media included 10% FCS and 1% Penn-Strept. 

Transfections of cells used lipofectin (HeLa 
cells) and electroporation (mouse cells), Mouge 
cells were stably transfected [MuUer et al., 1990]. 
For electroporation> the cells were seeded at 5 x 
10^ per 25 cm plate and incubated overnight in 
medium. After washing, the cells were sus- 
pended at 5 X 10^ cells per ml in cold PBS, 
Twenty micrograms of linearized pSV2-neo DNA 
(linearized with Pstl) was added to 1 ml of cells, 
and the cells placed on ice for 15 min. Electro- 
poration used 220 volts, 960 capacitance. The 
cells were returned to ice for 30 min after electro- 
poration. They were washed in 10% FCS IMDM 
and subcloned by placing the cells in a 96 well 
plate for 24 hr in selective media. After 24 hr, 
the media was replaced. The cells were main- 
tained for about 4 weeks in 0.5 mg/ml G418. 
Eight resistant clones were pooled and main- 
tained as cell lines. 

For transient transfections, HeLa cells were 
placed in 10% FCS EMDM for 3 hr before trans- 
fection [Malone et al., 1989; Zhang et al„ 1993]. 
Ten micrograms of DNA was mixed well in 100 
fjil of OPTI-MEMI (serum free). Other proce- 
dures are as described with the Gibco lipofectin 
transfection kit. From the final mixture 2,75 ml 
was added to a culture dish containing 8 x 10^ 
cells/ml in a T-25 dish. The mixture was incu- 
bated overnight or 15 hr. After 15 hr, the media 
was replaced with normal media. The cells were 
harvested for CAT assay 48-63 hr after transf^- 
tion. 

Plasmid Comstruction 

Murine c-myc DNA (1.8 kilobase) (gift of Dr. 
K, Calame, Columbia University) was subcloned 
into PUC-18 containing CAT by blunt end liga- 
tion, CAT was originally excised from pSV2- 
CAT using a Hindlll-EcoRI digest. Portions of 
the human myc upstream regulatory promoter 



regions were ohfcained from Dr. R. 
These included the following reff 
kb Hindin to PvuH digest (HPV , 
Clal to PvuII fragment (CPV); an< I 
Pvull fragment of 0.86 kb. 
ligation into pSVj CAT used a Hiiidlll 
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CAT Assay 

CAT was measured by enzymatic 
tions, Acetylated i^C-chlorampheiiicol 
sured by thin layer chromatograp ly 
al., 1982]* Assays contained 30^ ) 
protein as measured by th© Bi ~ 
say kit. After chromatography, 
titated using a beta scanner, or 
counting. CAT activity was califxilated 
percentage of chloramphenicol 
acetylated form. 

RNA Ex&mdtDon and Analysis 

RNA isolation and purificatioi i has been de- 
scribed [(Soodman et al., 1992c], 

QuantitatioiTtoiF Transcript Levels 
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For dot blot analysis [Muller et 
of total RNA was used from each 
blot and diluted by half for 
sample was ptobed for c-myc 
DNA was labeled in vitro with ^ 
the random prurier mi 
stein, 1983] (Amersham Randoi|n 
Hybridization was performed at 
and the membrane was washed 
twice, with 2x SSC, 1% SDS, 0. 
SDS. The membrane was 
-70°C. Dot blot quantitation 
measuring the radioactivity of 
Packard Tri-Carb 4530 scintillation 
sensitivity of the dot blot process 
by dotting equal amounts of conljrol 
filter and quantitating the 
The standard error is about 5%. 
chosen areas of each filter wer^ 
background. Proportionality 
tween experimental and control 
ous concentrations. All samples 
for DNA contamination, 
breakdown, using agarose gel 
before hybridization studies. 

Northeriii) Hybridisation) 

For Northern hybridization, 15 jig of total 
RNA was used for each sample; 50 ng of CAT 
DNA was labeled as a probe using the random 
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primer method. Hybridization waa at 45°C for 
12 hr and membrane wa$ washed at 65*C (30 
min) twice, with 2x SSC, 1% SDS. 0.1 SSC, and 
1% SDS. Membrane was exposed overnight at 
-70*C. Probe DNA was isolated by agarose gel 
electroelution and subsequently purified (Gene- 
clean, La JoUa, CA). DNA probes were labded in 
vitro with ppj^CTP via the random primer 
method. 

Composition of EM Signals 

All exposures used a continuous sinusoidal 60 
Hz field generated by a pair of Helmhpltz coils 
(Electro-Biology Inc., Paraippany, NJ) [(Jood- 
man et al., 1992c]. EM fields used were 8 or 80 
(xTelsa. The calcidated corresponding induced 
electric fields were 50 and 500 M-V/meter [Bas- 
sen et al,, 1992]. Exposures were for up to 20 
min in duration. 

CondBtionis of EM Reld Exposure - 

HeLa or mouse myeloma (PX3) cells were 
changed to new media 3 hr before exposure in 
100 X 20 mm culture dishes, PX3 cells from a 
single flask were divided into two flaeka to be 
used as experimental and control cells (1 x 10^ 
celk/ml). Cells firom three flasks of transfected 
HeLa cells were combined into two flasks for 
exposures. One flask was placed in the exposure 
apparatus while the remaining flask served as a 
simulton^us control. Details on the placement 
of cells, physical separation of experimental and 
control flaisks, and composition and construc- 
tion of the mu metal container shielding the 
exposure signal are described in Goodman et al. 
[1992c]. Control cells were placed in a mu metal 
box in the same incubator as experimental cells 
to minimize potential thermal differences that 
could arise by using separate incubators. The 
signal generator was placed outside the incuba- 
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RESULTS 

Construction of Transfectanti in Mouse 
Myeloma Cells; DNA Upstream of the myc 
Promoter Jncreases the Ejipress on of CAT in 
Myeloms Cells Exposed to a 60 Hz EM Field 



Stable transfections of mouse 
(PX3) used a CAT construct con 
the murine promoter including 
ing sequences to -1,141 relative 
The relative quantity of the 
was the same in both transfectec 
fected cells. Parental andtransfe 
eloma cells were exposed to a 6(> 
field to test the re&ponse 
exposure for CAT esqsression (Fi^ 

The maximum effect on eithe 
transcript increase in murine 
at an EM field of 80 p-T and 20 
CAT enzymatic activity was al 
cells exposed to 60 Hz EM " 
conditions (Fig. 3A,B). The 
cate that DNA upstream of the 
is responsive to the EM field 
fected cells. 
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Transient Assays Using Held Cells; DNA 
Upstream to the myc G«ne Hiacreases the 
Expression of CAT in Human Cdls Exposed to a 
60 nz Sinusoidal EM Field 



Transiently transfected HeLp 
posed to a 60 Hz sinusoidal field 
lxT. The maximimi exposure 
8 ^T for 20 min (Fig. 4) 
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Rg. 1 . Diagram of murine c-myc upstream regulattJry region CAT construct. 
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Rfr 2. Oetetminirtg exposure condUions for rnaxtmum. tran- 
script levels In stebly transfected mojise eel s. The results m A 
and B art! expressed as the ratio of expenment?! to contn) 
(E/Q The dark portion of each bar represents the standard 
error of the mean where three or more experiments were 
p^ormed. A: The effect cf increasing field str«igdi on trarh 
icript levels tor CAT and C-myc. The maximum effect v^^^BO 
U.T 100 nV/m, and 20 min of exposure. Values were deter- 
mined by dot blot hybridizations using total RNA a^nst c-^yc 
or CAT DNA. Control values for myc and CAT ere the mean of 
diree experiments; the 0.8 and 8 jlT points are the mean of two 
ejiperinienls. The SO j.T points for myc are the mean of ^A,o 
experiments; for CAT, die mean of 10 expenments. B: The 
elfect of increasingtimeof exposure on transcnpt levels for CAT 
and c-myc transcripts. The number of experiments represented 

structs containing portions of the c-myc pro- 
moter upstream of CAT were used in traiiaient 

assays (Fig. 5). CAT e^^^^^^^J^,^^ 
struct i3 given in Table L The HFV and CPV 
cojistnicts caused increased expression m the 
presence of the EM field, but the levels of expres- 
sion using the PPV construct were *he same 
under control and exposure conditions (Fig. 6). 
Maximal activity was achieved with a chimera 
constructed from -2,329 (from Pi) to the sec- 



is given by the number in the bar. C; 
hybridization of total muHne RNA 
expression was measured between ui , 
exposed cells <80 jiT for 20 min). CAT DM/ 
with ^P-dCTP using random prinier. Hyb** 
were as described in A. Control cells, C; 
Northern blot hybridization against CAT 
hybridization for CAT gene expression %\ 
exposed to each of three Held strengths; 0 
and aO M.T (lane 3). Unes 4 and 5 are F 
cells. Hybridiiation was performed «t 45' 
membrane was washed at SS^'C (30 min) 
1 % SDS, 0.1 X 5SC, and 1% SDS. The 
overnight at -70°C. 
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1,257 bp of upstream DNA 
70% of the expected activity; 
tainingthe -353 bp (PPV) fr 
50% of the maximum activity 
ous reports [Hay et al,, 1987]^ 
that the value for the first 35*" 
sequence would be about 10% 
We were unable to resolve this 
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Rg. 3. Determination of CAT activity on murine transacted 
ceils in presence and absence of. an EM field. Mouse c-myc 
upstream DHA (1 .8 kb) in a CAT construct was transfected Into 
mouse myeloma (px3) cells, Acelylated "C-chloramphenlcol 
was separated by thin layer cbn^matography- A« The results of a 
series of experiments where a stable clone of transfected mouse 
cells was exposed to an 80 m-T, 100 tJt.V/m etf EM field for 20 
min. The mean ratio of the exposed to control cells for the senes 
was 1.44 ± 0.16 (SE mean). Experiments 1-6 used dinsct 
counting of gel; 7-9 used beta scanner for determinations of 
radioactivity. B: Example of results of thin layer chromatogra- 
phy- 

using a series of dUutions for the CAT assay, and 
assume that the differences in cell types used in 
the transfections may be the (^use. 

DflSCUSSOON 

A targeted interaction between EM fields and 
the cell membrane has been proposed as one 
route by which a cell could respond to EM fields 
[Adey et al., 1982; Blackman et al., 1989; Walla- 
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Fig. 4. Detem^ination of conditions f )r 
HeLa cells; the effect of incrisaaing fiel 1 
level for CAT. Transfection of the entire p 
to the c-myc gene was used in these 
transfected Heta cells to EM fields 
min. Values were determined by dot 
mean of the four different e)tperimerjt5 
transfections) for exposure at 8 m.T was 
80 \lT, it was 0-9 ± 0.06 (SE mean) 
seen with exposure al 8 jjlT and 1 
exposure. 
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Fig. 5. Schematic diagram of the 
DNA upstream of the c-myc gene witt 



tHree constructs of human 
CAT. 
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czek and Liburdy, 1990]. It 
change in surface charge 
binding activity either 
through changes in the 
the (»11. Identification of 
intensity windows support 
and Henderson, 1991; 
Wei etal., 1990]. 

The nature of the $uhs^t{s) 
respond to EM fields has 
exposure of cells to low freq4enpy EM 



is assumed that a 
nfluences receptor 
dii^ctly or indirectly 
flux patterns of 
_ __ frequenqr and 
1;hia idea [Goodman 
et al., 1989; 
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of genes that 
be identified, but 
fields does 
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conditions (see Fig. 5 and Table I). C control; E, exposed. 



iT). Three 
m in 
qsntrol and 
ejcposure 



TABUS I. KegialatioalbyUipsteeom 



_ BNA. Seqaencos in ts-myc PronamAer m i 
AbscKce oi?tBaEMFieM 



HPV 



CPV 



E 



£ 



# Determinatioiis' 
Mean CAT activity 
SEmean 

Activity (relative to HPV) 
Ratio of activity of eaiposed and control cells 



13 
0.31 
O.03 
1 



14 
0.59 
0.06 
1.9 

1.9 



5 

0.22 
0.04 
0.72 



5 

0.38 

0.085 

1.2 

1.7 



the Pir< semce and 



PPV 



E 



5 

0.16 
0.02 
0.5 



5 

0.16 
0.02 
0.5 



not affect all expressed genes [PhiUips et al., 
1992; Blank et al„ 1992], An increase in the myc 
transcript has been measured by several investi- 
gators in cells exposed to various electric and/or 
EM fields. The types of cells affected include 
derivatives of a human T-lymphoblastoid line 
[Phillips et al., 1992], Con-A-stimulated rat thy- 
mocytes [Liburdy et al., 1992], Daudi ceUs [Czer- 
ska et al., 1991], HL-60 cells [Goodman and 
Henderson, 1991; Goodman etal., l992c,d;Weis- 
brot, 1993b; Blank et al., 1992], SV-40 trans- 



are 



formed human fibroblasts [Gold et 
and, in the present stuc^y, both I 
myeloma cells. These findings a 
determining a mechanistic patjiem 
fects of EM fields on cells since 
c-myc gene plays an important 
and continuance of normal cell 
well as in the inception of cance 

c-myc expression is regulatedpy 
that include transcriptional ini 
gation, stability of the mRN^ 



aL, in press], 
eLaand mouse 
important to 
for the ef- 
ijegulation of the 
1 ole in initiation 
proliferation, as 



many factors 
iation and elon- 
[Levine et al., 
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1986; Bentley and Groudine, 1§SS; Hay ©t $1., 
1987, 1989], and downregulation of c-myc by 
retention of pol II at the transcription start site 
[Strobl and Eick, 1992]. The human gene con- 
tains three escons that encode the m^or product 
of c-myc [HannandEisenman, 1984]. Transcript 
tion can begin at either one of three sites that 
are regulated by different promoters, designated 
Po, Pi, and Pa [Battey et al., 1983]. Pq is a minor 
promoter, accounting for less than 10% of the 
total transcription from the c-myc gene [Bentley 
and Groudine, 1986], The majority transcript is 
controlled by the promoter. The Pi and Pa 
promoters respond to many of the same positive 
and negative regulators located upstream of the 
gene [Hay et al,. 1987]. Hay et al. (1987, 1989] 
identified a region between -293 and +513 
(relative to Pi) that is sufficient for activity of Pi 
and P2* There are two additional regions that 
exert positive effects on Pi and P2 from -353 to 
-1,257 and -1,257 to -2,329. A negative regu- 
lator for both promoters is located at -293 to 
-353, It contains two or more regulatory re- 
gions with binding properties consistent with an 
AP-1 site and an overlapping octomer site [Hay 
et al., 1987, 1989], The positive regulators up- 
stream of the negative regulator region can, at 
least in part, negate the effect of the negative 
regulatory element (NRB). 

The present results show that at least one 
effect of EM on cells involves regulation of tran- 
scription! The presence of DNA upstream to 
myc resulted in increased expression of CAT 
following exposure of cells to a 60 Has sinusoidal 
field. An increase in expression was observed 
when the HPV (-2,359 to +513) and CPV 
<-l,257 to 4-513) constructs were present in 
HeLa cells. There was no difference, however, in 
the values obtained from exposed and control 
cells when only the PPV (-353 to +513) con- 
struct was present. One conclusion is that a 
critical sequence responsive to the 60 Hz field 
lies within the approsdmately 900 bp region 
difference between the CPV and PPV con- 
structs. An alternate conclusion, however, is 
that the negative regulatory element withm the 
PPV construct, in the absence of upstream posi- 
tive regulators, can override the effect of EM 
fields. 

The function of the myc protein as a transcrip- 
tion factor must involve a myriad of genes, con- 
sidering the proposed roles for c-myc in the cell. 
An affect of EM fields on this type of regulatory 
gene is important in light of the diversity of 



V eUi 
signal 
point I 



effects m cells and organisms 
ascribed to EM field exposure, 
on regulatory genes could pro 
means of defining altered activit|y 
ing from EM field exposure, as 
role for the involvement of 
pathways. From a biological 
mechanistic approach is 
consistent with the observed tr^scriptional 
tivation, and other biological 
to EM field exposure. Proof of nLechanism, 
ever, will require demonstrati 
means of interaction at the eel 
determination of the pathway( 
face to the DNA in the nucleus. 
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This fcooft describes a new approach for cxamming weak extremely low frequency (ELF) electric and magfietk field interactions 
S S sS^L' e^lpteTcell-frcc transcription/tramlation system derived from Escherichia coU. Usinj two-dimens.onal 
roSSfTdl T«l llShorecis wo previously had dstennlned that the level of the « .ubumt ^^^^f^^^^TI'Tulu^^^ 
Lff wa^clcvatcd by exposure to weak ELF fflflgnetic fields. In this piiper, plasmids containing the a, or botii th 0,p subur.ts.oi 
Se RSASS^neSe from £. coH were placed into a cell-free expression system,. When this lJanscrip«on/trW 
eLsed tba 72-Hz sinusoidal magnetic field in the range 0.07 to 1.1 mT (rms) for periods of 5 min to 1 

WeSerfilEust be applied longer to produce an effect. For 10 min of field exposure, the threshf Id for an effect is 
-^.StS^ T^i S^^^ '"tact membrane is not an absolute requirement fo. trar^ducing magnetic 

bio-effects. 



In recent years both the public and the scientific 
comtnunity have expressed concern about the potefltlal 
hazards associated with exposure to weak extremely 
low frequency (ELF) electric and magnetic fields. One 
basis for this concern are epidemiological data suggest- 
ing that field exposure results in an increased inci- 
dence of certain cancers [1-4], An. Important factor 
fueling the contentious nature of these discussions has 
been the absence of a plausible mechanism e^cplainhig 
how weak fields interact with biological tissue to in^ 
duce the reported bio-effects. Most proposed mecha- 
nistic theories suggest that the plasma membrane is 
either directly or hidir ectly involved in transducing an 
Eli? field perturbation (5,6], These membrane-based 
theories arc plausible in terms of the electric field 
component of an applied field, but generally Ignore any 
direct role for a magnetic field component. 

In an earUer study using two-dimensional polyacryl- 
amide gel electrophoresis v^th intact Escherichia coli, 
the level of the a subunit of EINA polymerase was 
found to be elevated following magnetic field (MF) 



CoTTespondeoce to: E.M. Goodman, Biomedical Research Institute, 
Un:vcT5it>' of Wisconsin-Parttsidc* Kenosha, Wl 53141, USA. 



exposure [7]. RNA polymerase is comprised of four 



transcription in 
0 together with 



subunits and is responsible for RNA 
E. coU. The four subunits (ag and ' 
a slgma factor, are all required for iti-vivo transcrip- 
tion, We have employed two plasmids In these experi- 
ments, one encoding the a subunit ar d one encoding 
the subunits. In many of the experiments a mix- 
ture of roughly equivalent amounts cif each plasraid 
was used. 

This paper describes experiments using a cell-free 
expression system that demonstrate enhanced expres- 
sion following exposure to 72-H2 sinusoidal fields in 
the range 0.07 to 1.1 mT (rms) for periods of 5 min to 1 
h. Weaker fields must be applied longe r to produce an 
effect. Although an intact membrane ^vas not present 
during exposure to MFs, further stucfy is needed to 
determine the role, if any, of protcin-Iipid interactions. 



Materials and Methods 
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The cell-free esgiression system tJ 
using £. coll BL-21 obtained from Dr 
McArdle Laboratory for Cancer Research 
WI, USA). 10 ml of an overnight 
transferred to 2 liters of new LB medidm 
late log phase (OD«,onm==0.7) before 
lated flrtd washed twice in buffer. Bacteria 



was prepared 
$.ichard Burgess, 
(Madison, 
21 culture were 
and grown to 
cells were iso- 
v/ere broken 
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in a French pressure ceU CAminco'^) at 2400 psi and 
4«C; the suptmatant was centrlfuged twice at 30000 
ipm ill a Beckman SW 28.1 rotor at 4°C. The super- 
mtant was extensively dialyzed and later optfanlzed for 
Ms'* Ca^* and NHJ ions using a plasmid with a 
^-galactosidase reporter gene. The optimization for 
each batch of extract was accomplished by experimen- 
tally determining the concentration of each cation tnat 
gave maximal expression of ^-galactosidase [9]. The 
Sll-free extracts (referred to here as S-30) were stored 
in 180-mI aliquots at - 70°C. 

The reaction mix used for experiments was Prepared 
in a single tube as described by Zubay 18] and modified 
by Jovanovich et al. [9]. The mbc contained various 
salts, nucleotides (40 mM ATT 10 mM CTP. 10 mM 
UTP 10 mM OTP), 1 mM cAMP, 20 /ig/ml fblinic 
acid,'l mM dithiothreitol, ISO ^1 <rf the S-30 fraction 
19 amino acids (all at 03 mM, no methiomne) and 0.5 
ul of ['^slraBtliionine (spec. act. 47.5 TBq/mM). In all 
experiments, the previously described reaction ma was 
combined with the ceU-free, S-30 extract in a 20:15 

ratio, . . 

After the components were mixed, they were redis- 
tributed in 48-/A1 aliduots Into 10 Po'S^^^e tubes 
(10x75 mm) and approK. 0.5 of a DNA plastnw 
was added to 8 of the tubes. Four of the eight tubes 
containuie plastnld were then randomly selected as 
controls (no applied fields) and four as cxperimentals 
that would be exposed to MPs. The two rcraammg 
tubes with all reactants except the plasmld were used 
as negative controls: one was run simultaneously with 
the control and the other with the MF-ejtposed system. 
Plasmids (pNO2530 and pN02661) containing, respec- 
tively, the a and p,^' subunits of RNA polymerase, 
orlginaUy constructed by BedweU and Nomura 110], 
were obtained from Dr. Richard Burgess, McArdle 
Uboratory for Cancer Research. Because expression 
of the a and subunits was controlled by the LacZ 
promotor, enough of the inducer isopropyl-0-i>-thio- 
galactopyranoslde vras added to the reaction mix «o 
that its final concentration would be 2 mM. Plasmids 
used in these experiments were purified by aCI cen- 
trifugatlon. 

In the fust set of experlmeats, cell-free reaction 
mixtures containing the et plasmid, p,P' plasmid, or a 
mixture of the two w«re exposed to 72 Hz fields of 1.1 
mT for 60 min. Similarly exposed samples containing 
the a plasmid were also used for Western blots to 
analyze th« protein expressed in the ceU-free system. A 
second set of experiments using a 50 : 50 mixture of the 
two plasmids examined the role of time and intensity of 
exposure on espression. Fields of 0.07, 0.21 and 1.1 oT 
were applied for periods of time ranging from 5 to 45 

'"'After exposure, the tubes were reinoyed from the 
control and exposure incubators and 5 ;il of a 10 mM 



non-labelled methionine chase solution was added to 
complete already Initiated translation. Following a 10 
min chase, all translation was stoi ped by adding 0.5 ml 
of 1 M NaOH and incubating thk mixture at ITC for 
15 min; 3.0 ml of 23% trichloroa :etic add (TCA) was 
then added to precipitate radiol ibelled protein. The 
contents of the entire tube were filtered and the pre- . 
cipitate collected on 25 mm (0.45 p.) cellulose nitrate 
filters (MPS, Dublin, CA, USA) supported on a Hoefer 
10-place manifold. The precipitare was washed three 
times in cold S% TCA, followed by a wash in 95% 
ethanol. The filters were air-drie(l, placed in 20 ml of 
ReadySafe'^" cocktail (Beckman) and counted in a 
Tracor scintillation counter. To perform a Western 
blot, 25-fi\ samples were removjd directly from the 
control and exposed cell-free reaction mixtures, placed 
in 200 /i.1 of lysis buffer and boile i for 3 min [11], The 
proteins were separated on a 12% potyacrylamide gel 
(200 V, 100 mA) and electrobloi ted using a Hocffer 
electroblotting apparatus (model TE 42). A mono- 
clonal antibody against the po ymcrasc a subunit 
(generously supplied by Dr. Scott Lesley, McArdle 
Laboratory) was used as a probe. Blocking and detec- 
tion followed procedures descril ed by Lesley et aL 
112]. 

To test whether the polymerase subunits were the 
only proteins being expressed, a cke-dnnensional poly- 
acrylamide gel was run at the enU of the experiment. 
The protocols used were the sanre as those described 
for the Western blot procedure. After electrophoresis, 
the gel was dried and overlain w th a sheet of Kodak 
X-OMAT^ film. | 

Field generation. Duplicate EMI' «tposure coils were 
housed in separate incubators (VCarten-Shercr RL-8); 
each coil (40 turns of No. 16 enarjieled copper fflagnet 
wire) was wrapped around the 
cylindrical water-Jacketed contalr 
Lab Glass, Vineland, NJ, US.A), 
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Fig. 1. A jchomatic drawing of tlw EMF ejfoosurc apparana used for 
mainialning constant temperature in the tell-free expresstofl systeea 
experimeRts. 



common water bath maintained both 36;6 C 

In addition, the eauilibrium tempei^ture "le^ured 
prior to .ach experiment in both the controUnd m^^^ 
containers with the fields on. us ng a HiJte (•^ode\52) 
Aemiocouple probe. In our initial exposures, a mag- 
ntSd oi 72 Hz. 1.1 mT (rms) was generated by a 
WavetTk osciU^^^^ (Model 275) and a Techron^Ph. 
Ser (Model 75^1). In later experiments the field mten- 
Z was rSucd to 0.21 mT and 0.07 mT. The control 
cSr^tion was similar to that of *e exp^surcj.; 
rpnTexcBot that the coils were connected to a 'duinmy 
Sto^ ^p^im^^^ 'ocated outside the nicu= 
Sof m cJnductMty of the fmal cell-free reacUon 
Sre was measured to be 1.7 S/m. tje S W 
pie formed an 8 mm diameter POol "ijjf b°tt^^^^ 
?he polystyrene test tube. The P^^k Induced eU^^^ 
Beld at the edge of the sample at 1.1 ^JJ^^J^^. 
Sed to be 0.9 mV/m, correspondmg to a current 
S of 7= 1.6 mA/m^ ToUd harmonic d,stoni^^ 
was measured to be less th^ 0.1% for f ^ harnio"^ 
uo to approx. the 3 kHz cutoff of the ga'ss^^^*'^^^^-^, 
Si^Sel 640). TO insure that we did not have 
undetected incubator effects, the control and ejjjetl- 
incubators were switched midway through the 
experiments described in this paper. 

Statistical amlym. A nested analysis o ^i^n^ 
performed to compare the effects of the 1-1 mT, 72 m 



magnetic field on the amount of I^'sith^onme mcor- 
rorated during protein synthesis of the a, ^.^ or 
mixture in the ceU-free ejtpression sysiem (This expen- 
Senml design Is also referred to as a parttalb'-replj- 
cated design or split-plot design and designated A x B 
yC(B) in statistics texts [131). A nested analysis is 
required because data for only a sinMe plasmid were 
taken on a given day. The dependent vanable for this 
analysis is the dpm of [''Slmethionin*^ incorporated m 
pSs synthesLd during the 60 irin f jra^scnp- 
tion/translatlon mix was exposed to <he field. Control 
samples were treated in an identical n lanner, except no 
field was applied. The effect of da) (due largely to 
differences fa specific activity of labelled methionine) 
was controlled for by explicitly a^dmj/^^^^^^ 
variable, A logarithmic transformation of the data was 
performed to assure uniformity of variance and to 
eliminate Interaction between independent variables m 
the analysis of variance. 

To study the effects of different field levels and 
exposure times, multiple regression Analysis was used 
to fit an equation to the data. Both linear and expo- 
nential models were tried. In this s.t of experiments 
there are too many variable levels to ?er^t an explicit 
analysis of the (uninteresting) varlab^^e of day. so this 
variation is controlled for by perfomiing a ratio of the 
average of counts from the four experimental tubes to 



Amly^ afvarUmce on the effect oj a Li mi, « ^ 




Bay h holo 
Pay 2, bob 
bay 3. bolo 
Day 4, alpha 
Day 5» alpha 
Bay 6, beta 
D«y7,beta 
Day a, beta 



no • ' 

the average of couats from the four control tubes. Hiis 
Gonsemtive approach sacrifices some of the degrees of 
frJedoin (and thus power of the analysis) for simplicity- 



Resiits and Discussion 

The results of aa analysis of variance of plasmids 
exposed to 1.1 mT. 72 H2 magnetic field are shown m 
Table I We conclude that the magnetic field produces 
a significant and identical effect on t«ro plasmids con- 
taiiiSg either a or p,^' subunits of RNA polymerase, 
or a mixture ol «he two plasmids. n m 

Tlie effect of the field ts significant at P « 0.03. Tot 
this set of experiments the effect of day Is controHed 
for by explicitly including day as a variable. Aj analysis 
of field effects on individual plasmid types shows that 
the field affects both plasmids and the mfature of 
plasmJds in the same way (data not shown). These 
Comparisons are made by forming 'eontfasts' or differ- 
Suinear combinations of means in the table and 
performing an analysis of variance en the subset (Sta- 
tistics texts also refer to contrasts as compansotis among 
several means [14J). The ejipected strong effect of day 
Tdear from the large f -value In Table i for Ais 
v.»riable. The fiignificant interaction between f^eld and 
day variables indicates the magnitude of ±o field effect 
differs from day to day, but an insignificant field x 
plasmid interaction shows that it does not depend 
upon whi(i plasmid Is being studied. 

Duplicate Western blots were done to analyze tfee 
products of the ceU-frce expression system emptoyms 
the a subunit of RNA polymerase (see Fig. 2A). Al- 
though one cannot reliably quantlftr Western blots. It is 
noteworthy that the data qualitatively show enhanced 
levels of the protein expressed under field exposure, 
relative to non-exposed controls, in agreement with the 
raSoisotopc data. To determine If other radioactive 
products might be contributing substanUally to our 
counting data, a one»dimensional polyacrylamide gel 
was run on the products of the expression system. An 
autoradiogram shown in Fig. 2B shows the products of 
a cell>fi^e expression system containing the a and p 
polymerase plasmids; radiolabeled protehis were not 
detected at either the origin or bottom of the gels. 
Based on these data we conclude that only the primary 
gene products are being esqpressed at a significant leve 
m our system and that these represent the principal 
source of the counts obtained from the flUers. 

The effect of length of exposure and field mtemi^ 
were examined using a 50:50 misture of a and 
plasmids in ceU-free transcription/tiMislatlon ^rstcms 
eS»ed to fields of 0.(r7=l.l mT for 5-45 min; the raw 
daw are provided in Table 11. A muldple regression 
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analysis of these date yields an 4iuation that best fits 
the data of 



Fig 2 (AX Westeni blot using t moaoilona! antibody for t&e a 
subunit ofDNAdepentfenliWApolymetase.Con 1 afldZandExp 
1 and 2t respectively, represent samples f rotn two controla and twg 
MF-exposed samples obtained from » c<ll-firee exprcssioa sy^teitt. 
(B), A polyacfylasalde of the prod ids of an S-30 ceU-free 
expreision system following 45 min expcsure to a 72 H?. l-l mT 
electromagnetic field. Lanes 1-4 represent four samples of m 
nofiexposcd control prodncts and Laaes 6 -9 represent four samples 
of the MF-exposed mbttures. The expresjion plasmids usfed in the 
c:nJ«rimetit contained bQtb tli» « (top bind) and the ^.0' (lower 
band) subunits of RNA polymerase, tan ^ 5 and 10 represent the 
not)-&xp046d and EMF^exposed Negative controls. 
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where e/c is the ratio of dpi 
incorporated during protein syntfiesis 
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of [^^S]methioiiine 
for the plasmid 
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Although these data show enhanced synthesis of a 
prote^ 2fi ceU-fre. eysten.. they do not directly ad^ 
dre t the question of whether the Increase occu« ^ « 
resu t of enhanced transcription, translation, wbcth^ 
W tasiiht into this question can be gotten from the 
SoeriS r of Goodman ct al. Il6l who cxammed 
SJ^TlJaScJition and translation in a vaHe^ of ceU 
types. Their d«a show that extwsure to ^If^^^ 
SSts in an enhancement of transcription Da J from 
Slab (not shown) support the conclusion that weak 
fidd exposure increases RNA levels; vvhether this is 
to?nhanced synthesis or decreased degradation of 
RNA remains an open question. ^ j 

Mt?Z enzyme activity has also been reported^m 
vitro when Na VK^-ATPase was exposed to a con tan 
dectric field [in Tliese experiments lend addUional 
Ip^rt to thi notion that electromagn^uc ne^^^^^^^ 
directly alter physiological processes m the absence of 

— ' - report that e^{»S,-^»f- 
expression system to sinusoidal magnetic fl^ °^J^ 
^-1.1 mt for periods ranging frcnn 5 to 60 mm 
S^^^^ts in elevated levels of gene e^cpre^on. Longe 
times are required to produce an effect at weake 
fields. Of added significance is the m f^^^ 
crcMe occurred in the absence of an mtact cell mcm- 
S Tfa not immediately evident whether the In- 
Sid levels of protein observed are a r^ult o^^- 
ations in transcription. t^^J^lation. or to^^^^^^ 
ttvelv the Stability of the mRNA migbt also be aftectea 
S Sid e^osutl nicse data are in ^agreenie«t wv^h 
?D pSySamide gel experiments using intact £. cob 
in wS the « sulwnit of RNA polymer^e was ob- 
SxTed to increase [7]. m use of a cel^free syst^ 
Sovides a controlled environment to address the ques- 
HoVof where and how weak fields interact with biolog- 
S^remfHowever. even though this system offers a 
nl moS system for dissecting the mechanism of 
Sa^t between EMFs. ^<>^l«-,-f,f ^^^^^^ 
ments wUl be required to estabbsh the physiological 

relevance of these findings. 
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